Objective: To re-examine the risk factors for shoulder dystocia given the increasing rates of obesity and diabetes in pregnant women.
as has instrumental birth (Cheng, Norwitz, & Caughey, 2006; Gupta, Hockley, Quigley, Yeh, & Impey, 2010; Øverland et al., 2012 Parantainen et al., 2014; Revicky et al., 2012; Sheiner et al., 2006) . Researchers also found a relationship between a woman's body mass index (BMI) and shoulder dystocia; women with elevated BMIs at the time of childbirth were often at increased risk for the condition (Cheng et al., 2013; Cheng et al., 2006; Gupta et al., 2010; Schummers, Hutcheon, Bodnar, Lieberman, & Himes, 2015) , and one group of researchers found that women with BMIs greater than or equal to 30 kg/m 2 had a nearly three times greater risk (Mazouni et al., 2006) . Chronic diabetes (Abell et al., 2016; Boghossian et al., 2014; Shand, Bell, McElduff, Morris, & Roberts, 2008; Son, Lim, Lee, Cho, & Park, 2015) and gestational diabetes (Burkhardt, Schmidt, Kurmanavicius, Zimmermann, & Schaffer, 2014; Dodd et al., 2012; Lai et al., 2016; Lamminpä ä et al., 2016; Ovesen et al., 2015; Øverland et al., 2012; Tsur et al., 2012) were also associated with increased risk for shoulder dystocia. Whether the effect of the latter may be mitigated by treatment
is not yet clear.
One group of researchers found that treatment through diet, self-monitoring, and insulin as needed reduced the rate of shoulder dystocia in pregnant women (Landon et al., 2009 ), but another group found no significant effect of such an approach (Crowther et al., 2005) . A third group of researchers examined shoulder dystocia in women with gestational diabetes and found no detectable difference in risk between women who were treated with diet alone or with insulin (Lamminpä ä et al., 2016) .
In addition to these well-established risk factors, additional risk factors suggested in the literature include non-White race/ethnicity (Berggren, Boggess, Funk, & Stuebe, 2012; Cheng et al., 2006; Colombara, Soh, Menacho, Schiff, & Reed, 2011; Dodd et al., 2012) , shorter height (Cheng et al., 2013; Gupta et al., 2010; Mazouni et al., 2006; Parantainen et al., 2014) , multiparity (Gupta et al., 2010; Mazouni et al., 2006; Øverland et al., 2012 , lack of prenatal care (Sheiner et al., 2006) , history of previous shoulder dystocia (Kleitman, Feldman, Walfisch, Toledano, & Sheiner, 2016; Øverland, Spydslaug, Nielsen, & Eskild, 2009 ), prolonged labor (Gupta et al., 2010; Øverland et al., 2012 , and induction of labor (Dodd et al., 2012; Øverland et al., 2012) .
Still unclear is the relationship between shoulder dystocia and epidural anesthesia, which is used in more than 50% of births in the United States (Centers for Disease Control and Prevention [CDC] , 2016), but some evidence suggests that use of epidural anesthesia may be associated with an increased incidence of shoulder dystocia. In a study in Norway, researchers found a shoulder dystocia incidence rate of 1.36% in infants born to women who were given epidural anesthesia compared with an overall rate of 0.68% (adjusted odds ratio [OR] ¼ 1.17, 95% confidence interval [CI] [1.11, 1.23]; Øverland et al., 2012) . They found similar results in a later study (Øverland et al., 2014) . Researchers in Sweden found an OR of 1.89 (95% CI [1.07, 3.34]) for the same comparison (Christoffersson, Kannisto, Rydhstroem, Stale, & Walles, 2003) . Conversely, other investigators found no significant relationship between epidural use and shoulder dystocia (Cheng et al., 2006; Gupta et al., 2010; Ouzounian & Gherman, 2005; Parantainen et al., 2014; Revicky et al., 2012) .
In the United States, the prevalence of many known and suspected risk factors for shoulder dystocia is increasing. According to the CDC (2013, 2016) , the percentage of women giving birth with prepregnancy BMIs in the overweight or obese range (above 25.0 kg/m 2 ) increased from 48.7% to 51.4% over the 5-year period between 2011 and 2015. The prevalence of gestational diabetes increased from 4.82% in 2011 to 5.68% in 2015, and the prevalence of chronic diabetes increased from 0.74% in 2011 to 0.81% in 2015 (CDC, 2013 (CDC, , 2016 . More infants are being born in larger birth weight categories. The percentage of newborns with birth weights greater than 4,000 g increased from 7.77% of the total population in 2011 to 8.0% in 2015 8.0% in (CDC, 2013 8.0% in , 2016 . The use of epidural anesthesia is increasing as well, and 70.9% of women who gave birth in the United States in 2011 received epidural and/or spinal anesthesia during labor compared with 72.8% in 2015 (CDC, 2013 (CDC, , 2016 . These trends are a few examples of ongoing changes in childbearing women that may contribute to an increased risk of shoulder dystocia.
Given these rapid changes in the characteristics of pregnant women and in their care during labor 
Study Design
This was a retrospective observational study that used secondary data. As part of the original study, nurse reviewers manually abstracted 68 variables available from participants' reported health information at intake or in electronic medical record data. Site study managers reviewed all data for accuracy, and variable definitions were standardized across the five study sites. From these 68 variables, we selected those that corresponded to potential risk factors for shoulder dystocia identified in the literature. In addition, we included seven other variables considered potentially relevant but not yet identified in the literature: two general clinical variables (woman's age and heart rate) and five variables that were conceptually important to the research team (insurance carrier, history of preterm birth, education level, primary language, and type of maternity care provider).
Statistical Analysis
After abstraction, each of the selected variables was examined individually for an association with the occurrence of shoulder dystocia during labor and birth. Variables with a p value of .10 or less in the bivariate analysis and those supported in the literature were selected as variables for
Population-Based Risk Factors for Shoulder Dystocia multivariate regression models with shoulder dystocia as the outcome. Certain variables had to be excluded from our final regression models because of multicollinearity or an unacceptable level of missing data (greater than 10%). For example, variables for woman's education level and primary language were excluded because they correlated with other variables used in our modeling. In addition, the variable indicating that a midwife was the provider for the birth was excluded because it was highly correlated with Hispanic ethnicity and also concentrated at one particular hospital. Variables related to induction, length of labor, and instrumental birth were excluded for missing data and inconsistent collection at the site level. History of previous shoulder dystocia was excluded because it was very rare in our study population, which made the sample size too small for analysis.
Although prior researchers suggested that infant birth weight had a significant, direct effect on shoulder dystocia, we decided against the use of this variable because estimation of fetal weight in the uterus is currently unreliable (Blackwell, Refuerzo, Chadha, & Carreno, 2009 ), and our goal was to identify risk factors that could be used to prepare labor and delivery clinicians for shoulder dystocia events. Instead, we chose to include gestational age, a variable that correlates with infant birth weight and can be reliably estimated before birth.
After these adjustments, 13 variables were included in the final model specification: age, BMI, race/ethnicity, height, gestational age, heart rate (numeric value of the woman's heart rate in beats per minute upon admission for labor and birth), insurance carrier, presence of gestational diabetes and treatment, presence of chronic diabetes, receipt of prenatal care, use of anesthesia (epidural or pudendal block), history of previous childbirth, and history of previous preterm childbirth. As an additional analysis, we also tested models that included type of chronic diabetes treatment and interactions between gestational diabetes and woman's BMI but did not find these variables to be significant. All clinical variables included were defined according to American Academy of Pediatrics and American College of Obstetricians and Gynecologists guidelines (2017).
To estimate the probability of shoulder dystocia, we used a generalized linear mixed model that controlled for clustering due to site. This model was used to address the issue of correlated error terms due to multiple observations (multiple births) coming from the same units (hospitals).
The presence of such correlated error terms affects the estimation of standard errors and may lead researchers to erroneously deduce statistical significance where it is unwarranted. Our analyses relied on a generalized linear model to improve the estimation of standard errors and allow for a fairer assessment of significance. By using such a multivariate model, we were able to identify the individual effect of each risk factor on shoulder dystocia while controlling for other confounding factors. Thus, each significant estimate in the model represents a net effect, after other factors have been taken into consideration.
Results
Descriptive statistics for the births in our study are presented in Table 1 . Overall, births in the sample were to women with a mean age of 28.58 years, most of whom were White, non-Hispanic (61.62%). The results of our generalized linear model (see Table 2 ) confirmed several risk factors previously identified in the research literature. Gestational age of 41 weeks or greater had a positive association (OR ¼ 1.60, 95% CI [1.12, 2.27]) with risk of shoulder dystocia. In addition, our bivariate analyses confirmed that gestational age was positively correlated with infant birth weight (Pearson correlation coefficient ¼ 0.66), a known shoulder dystocia risk factor (Cheng et al., 2013; Dodd et al., 2012; Øverland et al., 2012 Parantainen et al., 2014; Revicky et al., 2012; Tsur et al., 2012 
Discussion
Using a large sample, we confirmed previously documented risk factors for shoulder dystocia in the changing population of childbearing women, including greater-than-average BMI for the woman, chronic diabetes, and woman's race/ ethnicity. We also showed that gestational age, a risk factor known before birth, is an effective substitute for the established risk factor of infant birth weight, a variable known only after birth. We found, for example, that greater gestational age was significantly associated with an increased 
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risk of shoulder dystocia and that gestational age and infant birth weight were highly correlated. As an additional risk factor not previously noted, we found that being insured through Medicaid or uninsured was significantly related to risk of shoulder dystocia. Previously documented risk factors that we did not confirm included woman's height, receipt of prenatal care, and parity.
We also provided new findings in areas not yet resolved, to our knowledge, by authors of previous studies. In our analysis, we classified births to women with gestational diabetes into two categories: births to women who were prescribed insulin and births to women who were treated with a glycemic agent or through diet. We found that only births to the women treated with insulin were at an increased risk of shoulder dystocia. This finding is in contrast to the results of previous researchers who suggested possible ways to mitigate the effect of gestational diabetes on birth outcomes. Crowther et al. (2005) and Landon et al. (2009) found that treatment, including insulin, reduced the risk of shoulder dystocia or did not significantly affect it. However, the populations in these two studies were very different from ours and included only women with gestational diabetes or mild gestational diabetes; they were not compared with women who did not have gestational diabetes. Similarly, although other researchers found no difference in shoulder dystocia risk between women with insulin-and diet-treated gestational diabetes, this finding was based on a reference group of women under age 35 years and should not be generalized to the population of childbearing women as a whole (Lamminpää et al., 2016) .
In the context of our study, it is likely that women who received insulin treatment for gestational diabetes had more severe gestational diabetes than women who did not and that this increased the risk of shoulder dystocia. Such an interpretation is consistent with previous studies in which researchers determined that a family history of diabetes, prepregnancy obesity, and greater hemoglobin A1c levels was significantly related to the need for insulin treatment (Bakiner, Bozkirli, Ozsahin, Sariturk, & Ertorer, 2013; Sapienza, Francisco, Trindade, Zugaib, 2010) and that as obesity becomes more severe, the prevalence of When treated with insulin, gestational diabetes was associated with heightened risk for shoulder dystocia. Santos, P. et al. insulin treatment also increases (Yogev & Langer, 2008) . It is also consistent with usual practice at the study sites, where clinicians follow guidelines from the American College of Obstetricians and Gynecologists (2013) and prescribe insulin treatment only when diet and oral medication have not stopped the woman's blood glucose levels from persistently falling above the target range.
We also examined shoulder dystocia in relation to epidural anesthesia and found the use of an epidural to be associated with a significantly greater risk of shoulder dystocia, even after controlling for other factors such as gestational age and woman's BMI. In our study, 52% of births involved an epidural, and of these, shoulder dystocia occurred in 3.27%. In contrast, shoulder dystocia occurred in only 1.06% of births that did not involve an epidural (48% of study population). Overall, receipt of an epidural was associated with a more than three times greater risk of experiencing shoulder dystocia during birth, a larger effect than that found by other researchers who detected a significant relationship between epidural anesthesia and shoulder dystocia (Christoffersson et al., 2003; Øverland et al., 2012 . We also identified in our bivariate analysis that use of epidural was not correlated with BMI, making it less likely that this observed result is driven by underlying differences in the population who uses epidurals. Women at all study sites had equal access to epidural anesthesia if they requested it and it was clinically indicated.
Limitations
When the relationship between epidural use and shoulder dystocia was considered, we did not examine the specific elements of epidural use, such as type of anesthesia drug administered, dosage used, timing, and combination with other birth tactics such as laboring down. This is an area that requires additional investigation and could lead to important shoulder dystocia risk reduction strategies, particularly given that there are currently no standardized type and dosage of epidural drugs (American College of Obstetricians and Gynecologists, 2017a). In future studies, researchers should consider partnering with anesthesiologists to more fully explore these questions. Furthermore, we were not able to control for the duration of labor, a factor that may be related to the use of epidural anesthesia and to shoulder dystocia. This means that we were not able to assess whether use of epidural anesthesia was itself a risk factor or rather acted as a proxy for prolonged labor. Researchers should include this variable in future studies to better understand the association between the use of epidural anesthesia and shoulder dystocia.
Other limitations of this study include the fact that findings are based on observational data from five sites. In addition, it is possible that not all factors that affect shoulder dystocia risk were included in the analysis. Use of induction agents, for example, is a theoretically important factor that we were not able to address, because data collection on this topic was inconsistent in our study sites. Ensuring data collection fidelity in future prospective studies can help to avoid this issue.
Implications for Practice
Despite these limitations, our findings have important implications for women's health care providers. As previously discussed, CDC data indicate an increase in risk factors such as greater BMI and chronic diabetes (CDC, 2013 (CDC, , 2016 . These trends represent health risks for all women and require attention before conception to prevent pregnancy complications and adverse events during labor and birth. Understanding these changes in the population can enable practitioners to provide vital patient education and care management pathways before pregnancy occurs.
During pregnancy, specific risk factors associated with a shoulder dystocia event have implications for practitioners. Because our findings indicate that insulin-treated gestational diabetes is a risk factor for shoulder dystocia, and because women who begin their pregnancy already overweight or obese are at an increased risk for gestational diabetes that requires insulin treatment, practitioners should explore specific interventions and support for pregnant women to achieve healthy weight before pregnancy and healthy weight gain during pregnancy. This may help reduce the risk of gestational diabetes, prevent further increases in BMI, and decrease the incidence of shoulder dystocia.
In addition, although the potential connection between epidural use and shoulder dystocia Use of epidural anesthesia strongly increased the risk of shoulder dystocia. Epidural use numbs the woman from the waist down and can extend labor and inhibit the urge to push. This can lead to instrumental vaginal or cesarean birth (Anim-Somuah, Smyth, & Jones, 2011; Camann, 2005) . However, a considerable number of nonmedication approaches exist to manage labor pain. Many women are encouraged to take childbirth classes to learn the range of options, and many also receive specific guidance from their maternity care providers about strategies to manage or lessen pain. These can include breathing control, having a supportive loved one present, bathing, listening to music, receiving massages, and walking, among other options (Leeman, Fontaine, King, Klein, & Ratcliffe, 2003) .
Another alternative approach, common in other countries and the subject of a good deal of attention in the United States in recent years, is nitrous oxide, commonly known as laughing gas (Gourlay, 2016; Kee, 2016; Plenda, 2014; Relevant, 2014; Szalinski, 2014; Tan, 2015; Tessman, 2015) . Used in over 60% of births in the United Kingdom (Rooks, 2007) and over 50% of births in Australia (Australian Institute of Health and Welfare, 2016), nitrous oxide has been shown to provide effective pain relief (Dammer et al., 2014; Jones et al., 2012; Klomp et al., 2012 ) with relatively few adverse effects (Agency for Healthcare Research and Quality, 2012; Dammer et al., 2014; Klomp et al., 2012) . Adverse effects, when they do arise, tend to be relatively manageable and consist primarily of nausea, vomiting, dizziness, and drowsiness (Agency for Healthcare Research and Quality, 2012; Dammer et al., 2014; Klomp et al., 2012) . Multiple researchers have found no evidence of negative effects on neonates (Agency for Healthcare Research and Quality, 2012; Klomp et al., 2012) . Practitioners in the United States should consider providing and encouraging the use of a full range of possible pain relief methods.
Finally, practitioners should use the risk factors we found in this study to identify and proactively respond to women at greater risk of a shoulder dystocia event. Such responses may include monitoring these women closely for signs of impending shoulder dystocia, preparing the labor and birth environment for a shoulder dystocia event, and discussing the heightened risk and response protocol with the women and the delivery teams.
Conclusion
Although most labor and delivery teams are prepared for obstetric emergencies, as the population characteristics of pregnant women change, consideration of insulin-treated gestational diabetes and epidural use, as well as previously established shoulder dystocia risk factors, may alert practitioners to women who are at greater risk of a shoulder dystocia event. Understanding these risk factors can improve maternal and neonatal outcomes, helping to avoid potentially severe injuries such as postpartum hemorrhage or infant paralysis (American College of Obstetricians and Gynecologists, 2017b 
